Supply chain cooperation strategy believes that the integration of the operation process can produce value for customers, optimize the supply chain of the connection between the vertical nodes, and constantly strengthen the performance of the advantages, so as to achieve mutual benefit and win-win results. Under fuzzy uncertain environment and centralized decision-making mode, we study multiobjective decision-making optimization, which focuses on equilibrium and compensation of multiobjective problems; that is to say, the proper adjustment of the individual goal satisfaction level will make other goals' satisfaction levels change greatly. Through coordination among the multiobjectives, supply chain system will achieve global optimum. Finally, a simulation experiment from Shaoxing textile case is used to verify its efficiency and effectiveness.
Introduction
If we take the supply chain network as a system to study, its involved scopes include cooperation relationship, logistics management, information flow management, enterprise's strategy formulation, tactical arrangement, and operation execution. The essence of effective supply chain network operation is a multiobjective optimization process under the constraints of internal and external factors [1] . These objectives include speed, flexibility, quality, cost, service, and other indicators according to actual situation. Because of different natures of supply chain networks, the target selection and the weight setting will be very different, which is closely related to the organization ways, decision structure, and decisionmaking model of supply chain networks [2] . Therefore, the multiobjective optimization of the supply chain network is also the decision-making optimization process.
Inventory management has always been a focus in supply chain management. Kacprzyk and Stanieski [3] and Park [4] were the first to introduce fuzzy mathematics into inventory management and extend the classical Economic Order Quantity (EOQ) model to the fuzzy inventory model under the condition of ordering cost and holding cost being fuzzy variables. Sadeghi et al. [5] developed a constrained VMI model with fuzzy demand for a single-vendor multiretailer supply chain, in which the centroid defuzzification method defuzzifies trapezoidal fuzzy numbers of the demand. Jana et al. [6] proposed some multi-item inventory models for deteriorating items in a random planning horizon under inflation and time value money with space and budget constraints. In addition, the models were illustrated with some numerical data and results for different achievement levels were obtained and sensitivity analysis on expected profit function was also presented. Mahata and Goswami [7] considered inventory models for items with imperfect quality and shortage backordering in fuzzy environments by employing two types of fuzzy numbers, which were trapezoidal and triangular, and two fuzzy models were developed. Finally, numerical examples were provided in order to ascertain the sensitiveness in the decision variables with respect to fuzziness in the components. De and Sana [8] dealt with a backorder EOQ model with promotional index for fuzzy decision variables and a graphical presentation of numerical illustrations and sensitivity analysis were done to justify the general model. Giannoccaro et al. [9] proposed a fuzzy echelon method to solve the inventory management in supply chain. Ouyang and Yao [10] set up a hybrid inventory model, where the annual demand quantity was fuzzy variables and 2 Mathematical Problems in Engineering lead time was a variable. Hsieh [11] studied the optimization of fuzzy production inventory model.
The application of fuzzy mathematics in the production management was first studied by Chanas et al. [12] who used it in the transportation problems. Besides, considering the premise of the customer demand quantity and external supplied quantity be discrete fuzzy variables, Petrovic et al. [13, 14] determined the order quantity and the lowest safety stock of the node enterprise so as to optimize the operation of the whole supply chain, through taking the satisfaction rate of cost and indent as the control target. Giannoccaro et al. [9] established the multistages inventory strategy to set up a reasonable inventory safety level in order to make the material of the whole supply chain hold the lowest cost, when market demand and inventory holding cost were fuzzy variables. Kannan et al. [15] presented an integrated approach, of fuzzy multiattribute utility theory and multiobjective programming, for rating and selecting the best green suppliers according to economic and environmental criteria and then allocating the optimum order quantities among them.
With the increasing integration of fuzzy theory and operations research, fuzzy programming is evolving from single-objective to multiobjective, from single layer to multilayer, and from single stage to multistage. Chen and Lee [16] study the multiobjective optimization problem of multilevel supply chain network under the condition of product demand and price being uncertain. Lin et al. [17] set up a fuzzy multiobjective integrated production planning model in the steel industry. Aliev et al. [18] developed a fuzzy multiobjective and multiproduct supply chain production and distribution model and used genetic algorithm to solve it. The experimental simulation demonstrated its efficiency and effectiveness. Rinks [19] used fuzzy logic method to develop the supply chain integrated production and planning model and problem-solving algorithm. Lee [20] established the fuzzy objective function of the single product integrated production plan in the different time stage. Gao et al. [21] used fuzzy reasoning Petri nets to establish a decision analysis system based on the electronic network supply chain. Finally, a comparative study on Pareto optimality and optimality under Lagrange's interpolating polynomial function had been made illustrating numerical example. Other similar literatures are as follows: interactive multicriteria fuzzy intensive production plan [22] , double level optimization model for supply chain distribution system [23] , production batch planning method with fuzzy capacity constraints [24] , fuzzy multiobjective order allocation model, and so on [25] .
This paper mainly studies multiobjective coordination of supply chain network under a fuzzy uncertainty environment and also explores the centralized decision-making method of multiobjective coordination of supply chain. The main contents in the paper focus on the optimization of mutual compensation in fuzzy multiobjective decision-making, so as to get the global optimization and determine the supply chain optimization subnet in this state.
The rest is organized as follows: in Section 2, centralized decision-making mode and fuzzy multiobjective analysis of supply chain are discussed. Section 3 proposes fuzzy multiobjective coordinated optimization method under the centralized decision-making method. Subsequently, the model is applied to a Shaoxing textile supply chain network and some discussions on the obtained results are also given in Section 4. Section 5 offers our concluding remarks and potential extensions of this research.
Centralized Decision-Making
Mode and Fuzzy Multiobjective Analysis of Supply Chain
Centralized Decision-Making Mode of Supply Chain.
Supply chain centralized decision mode refers to the advantage enterprises in the supply chain network with powerful strength, through the effective integration of information exchange system to integrate the other node enterprises in the supply chain network into a unified system for highly centralized decision-making and control management. Advantage enterprises eliminate antagonism between upstream and downstream enterprises, enhance the ability to resist risks, and achieve the mutual benefits and win-win of partners, through strengthening effective integration management of raw material supply, product manufacturing, distribution, and the whole sale process control [26] . In the centralized decision-making mode of the supply chain, the coordination of the multiobjective tasks can be realized through the effective control or influence by the unified decision-making layer, so as to improve the core competitiveness of the supply chain.
Multiobjective optimization of supply chain network is mutual coordination of the related steps in the objective function or the node enterprises. The supply chain network construction and optimization studied in this paper belong to the initial stage of supply chain network formation, and multiobjective selection needs to consider the whole supply chain, because the more objectives the optimization problem has, the greater the difficulty is. As a result, a complex supply chain multiobjective problem has difficulty in obtaining global optimization and can only achieve to the practical feasible solution after collaboration of all parties under practical constraints. Three objectives of optimized investment, setting cost, and satisfaction of customer service are considered at the same time when the production costs and node enterprises are into the optimization sub to operate.
Relevant Parameters' Definition of Multiobjective Analysis in the Centralized Decision-Making Mode of Supply Chain.
In order to simplify the supply chain multiobjective model, the following assumptions are made:
(1) Locations of all nodes and various facilities in the supply chain network and the location are known.
(2) All node enterprises in supply chain network are fully cooperative ones and share information with each other.
(3) Do not consider the delay and lead time in the process of transportation, production, and distribution. (4) The performance or capacity of each node in the supply chain network is known.
In addition, related parameters used in the model are shown in Parameter Definitions.
Fuzzy Multiobjective Mathematical Model of Supply
Chain. This paper takes the Shaoxing textile region network manufacturing as background. Shaoxing textile takes the industry of network organization as characteristics to get local industrial clusters, and the new model of regional economic development has been successfully deduced. At the same, it forms a complete industrial chain composed of the polyester, chemical fiber, weaving, dyeing, and finishing, clothing design and machining, sales, and so on. Hierarchical network structure of Shaoxing textile supply chain is shown in Figure 1 .
The objective function of the supply chain network structure model is
(
Under the supply chain network centralized decisionmaking, the unified decision-making layer always wishes to control the objective function 1 to minimize the total cost. The total cost includes raw materials and transportation fuzzy costs of the weaving enterprises ∑ ∈ ∑ ∈̃, the transportation fuzzy costs ∑ ∈ ∑ ∈̃f rom production enterprises transferred to the clothing machining ones, the transportation fuzzy costs ∑ ∈ ∑ ∈̃f rom clothing processing enterprises to the distribution centers, the operation fuzzy costs ∑ ∈̃p roducing the corresponding products in the dyeing and finishing enterprises in the unit time, and the corresponding operation fuzzy cost of clothing machining enterprises ∑ ∈Ṽ .
In the process of supply chain network integration optimization, according to customer demand changes in different regions, decision-making layer conducts to start using the dyeing and finishing enterprises and clothing processing enterprises. In doing so, some input corresponding to these node enterprises will be produced in order to meet the demand of production or distribution of a particular product.
The objective function 2 is defined as the minimum of the total running costs.
When the objective function 3 gets a maximum, it indicates that decision-making layer hopes that the products of supply chain network maximization meet customer demands furthest.
The constraint conditions of the above objective functions are as follows:
where formula (4) indicates that the raw material consumption in the production process of dyeing and finishing enterprises is restricted to the purchase quantity of raw materials in the weaving enterprises, and it is also affected by the actual production capacity constraints of the dyeing and finishing enterprises, which is shown in formula (5).
≤̃, ∀ ∈ , ∈ ,
where formula (6) expresses the constraint of the production quantity of the clothing enterprise; formula (7) indicates that the amount of demand determined by the distribution center should not be greater than the total capacity of the clothing machining enterprise; formula (8) indicates that the output of the goods in the clothing machining enterprise should not be greater than the total demand quantity of the distribution center, so as to avoid producing the inventory. Formula (9) is the raw material supply capacity constraints of the weaving enterprise.
where formula (10) ensures that each distribution center can obtain at least one garment processing enterprise service; formulas (11) and (12) are the number of restrictions of the available dyeing and finishing enterprises and clothing processing enterprises. Formula (13) is the two-dimensional variable constraint shown as follows:
Through discussion mentioned above, formulas (1) to (13) are composed of a fuzzy multiobjective model of supply chain.
Fuzzy Multiobjective Coordinated Optimization under the Centralized Decision-Making Method

General Method of Fuzzy Multiobjective Coordination
Optimization under the Centralized Decision-Making. In the process of multiobjective coordinated optimization, the objectives are conflicting and competing with each other. The optimization process cannot make all of objectives achieve the best, and the multiobjective problem is always to improve some objectives at the expense of others. In addition, the result of multiobjective optimization is based on the expectation of the decision-maker. However, it is difficult for decision-makers to express their goals or expectation precisely. Therefore, it belongs to fuzzy concept category. In this paper, the fuzzy theory is introduced to express the target satisfaction of the decision-makers by using the target membership degree and the feasible solution is also obtained through the coordination among the fuzzy satisfaction degree of each objective.
The coordination-solving of fuzzy multiobjective problem can adopt the minimax operator, whose basic idea is that the decision-maker assigns a fuzzy expectation for each objective function in advance and uses the corresponding fuzzy set to represent it. The membership degree of fuzzy expectation represents the satisfaction of decision-maker with the corresponding objective and its solution is defined as the intersection of all fuzzy expectations. In doing so, a multiobjective problem can be transformed into an equivalent fuzzy single-objective one.
Let a multiobjective problem be
where ( ) = ( = 1, 2, . . . , ). Objective optimization process is as follow: set x for ( )≥ * ( = 1, 2, . . . , , ∈ ), where * is fuzzy expected value of corresponding objective function ( ). If the objective of formula (15) is regarded as a fuzzy constraint and the allowable deviation of each fuzzy constraint is known, then the membership function ( ) can be established. In the definition of "minimize" operators, the feasible solution set is defined as the intersection of all the target sets; that is to say, 
At this point, the decision-maker needs to determine the corresponding membership function of each target. For the th objective ( = 1, 2, . . . , ), 1 = min ∈ ( ) and 0 = max ∈ ( ) should be calculated firstly, and then according to the subjective preference the decision-maker chooses one of the functions from the linear function, the exponential function, the hyperbolic function, and the inverse hyperbolic function to construct a membership function. Generally, linear function is adopted. We can obtain
Note that the precondition of multiobjective problem shown in formula (15) or its equivalent form (shown in formula (17) ) is the same weight of each target. In the practical problems of supply chain network, the importance of each target is different for the decision-maker. For example, in formulas (1) to (3), if we set different weights for these three objectives, then different optimal results will be obtained. At the moment, we introduce the objective weight of importance measures. Suppose the weight of the th ( = 1, 2 
In the multiobjective decision-making, the weight is a number to describe relative importance of objectives, which often reflects the understanding of the decision-makers of decision-making problem. At the same time, the weight is also comprehensive reflection of the decision-makers' knowledge, experience, preferences, and so on. In centralized decision-making of supply chain, decision-makers should evaluate the influence degree of each objective for the supply chain operation, so as to reasonably determine the weight of each objective according to the actual situation. Because this paper only discusses the supply chain fuzzy multiobjective optimization to form the supply chain optimization subnetwork, the detailed process to determine the specific target weights is no longer expansion in the case simulation. In the centralized decision-making mode of supply chain, all the decision targets are included in the unified and centralized consideration of decision-makers and the weight sum of objectives at the same level is also equal to 1; that is to say, we suppose that the weight of the th ( = 1, 2, . . . , ) objective is and ∑ = 1.
Problem-Solving of Fuzzy Supply Chain Multiobjective Optimization with Objective Satisfaction Compensation.
The problem-solving of fuzzy multiobjective model mentioned above usually adopts the minimax operator, which only ensures that the satisfaction minimum goal in multiobjectives is to maximize satisfaction and others will be met by the minimum satisfaction. Therefore, the result is only a noninferior solution. Especially for solving complex multiobjective optimization problems which have multiple optimal solutions, this strategy cannot guarantee obtaining efficient solution. The reason is because the maximal and minimal operators are not compensatory ones. Subsequently, we integrate the minimal and compensatory arithmetic average operators and get the fuzzy minimal one which has certain compensation shown as follows:
Considering the impact of the objectives weight when the multiobjective is coordinated, formula (20) is further evolved, shown as follows: Mathematical Problems in Engineering where is compensation coefficient and 0 ≤ ≤ 1. The main problem in using the compensation algorithm is how to find an appropriate parameter applicable to the decision function. As a result, we introduce the probability estimation of satisfactory range in advance for the involved objectives so as to achieve different satisfaction levels for different objectives. Figure 2 is the calculation results, which show that decision-makers can have better coordination by adjusting the value until the objectives achieve satisfaction so far.
Procedure of Supply Chain Fuzzy Multiobjective Optimization Solution.
Using formula (21) and considering the importance weights of each objective, we propose optimization calculation formula based on compensation and interactive satisfaction for supply chain network multiobjective problem in formulas (1)- (13) shown as follows:
The detailed procedures of optimization problem-solving are as follows.
(1) According to formulas (1)- (3), maximum ( is revised by decision-maker. After that, go to step (4) . At this time, the decision-maker also can adjust the objective function of maximal and minimal, and go to step (2) . (6) End up: the parameter value obtained by problemsolving standardizes operation relationship of supply chain network node enterprise, which determines the multiobjective coordination of the supply chain optimization subnetwork. The concrete flow is shown in Figure 3 .
Case Study
Take Shaoxing textile supply chain network as the background; this network includes four levels {3-3-4-3}, that is, weaving enterprises ( = 3), dyeing and finishing enterprises ( = 3), clothing machining enterprises ( = 4), and distribution center ( = 4). Its network structure is shown in Figure 4 . The advantage enterprises design supply chain and optimize operation process with the principle of lowest cost, lowest investment, and highest customer satisfaction. The detail parameter descriptions are shown in Table 1 .
Under the constraint formulas (4)-(13), lingo 8.0 software is adopted to calculate the maximum and minimum value of the objective function in formulas (1)-(3). The final results are shown in Table 2 .
The membership function of each fuzzy objective is obtained by formula (18):
Mathematical Problems in Engineering At first, the general interaction method is introduced to solve the optimization problem, and the membership functions of three objectives are substituted for formula (17) . We can obtain the optimal satisfaction of decision-makers * = 0.5103, and the objectives are 1 = 3863, 2 = 2737, and 3 = 0.883. If the decision-maker accepts the result, then end up; otherwise the maximum range and the membership function of each objective are adjusted to resolve until the decision-maker is satisfied. But, as previously mentioned, this method has not considered the relative importance of each target and satisfaction compensation in the objectives, so that the coordination effect of multiple objectives has some limitation.
Suppose the weights of three objectives are 1 = 0.4, 2 = 0.25, and 3 = 0.35. We can obtain different results through changing the value of by calculating formula (21) . It is shown in Table 3 . The variation process of compensation coefficient can be expressed in Figure 2 . Obviously, due to considering the weight and the compensation factor, the change rate of the satisfaction level in each objective is not the same with the change of . At this time, it is helpful for decisionmaker to search for optimization in the global scope. If decision-maker considers that the solution of = 0.3 can be accepted (that is to say, 1 = 3818, 2 = 2826, and 3 = 0.902), then process-solving is over. The decision variables corresponding to multiobjective equations are shown in Table 4 .
Conclusions
This paper analyzes the centralized decision-making mode of supply chain network and illustrates the decision-making process and characteristics of the centralized decisionmaking. Based on the background of centralized decision, a fuzzy multiobjective model of supply chain has been established, which is based on the objective conditions and constraints of the initial optimization of the supply chain network. The multiple objectives of the supply chain network are all in the same optimization level in the centralized decision-making mode and the main difference lies in the important degree of each objective; that is to say, the objective's weight is different. Due to the limited resources of supply chain network, there are a lot of conflicts with multiobjective coordination. When exploring the general fuzzy multiobjective optimization methods, we focus on the equilibrium and compensation problem of multiobjectives, which means that proper adjustment of individual goal satisfaction level will make other goal satisfaction levels change greatly so as to achieve the better objective coordination. In the mathematics realization, decision-maker continuously changes the satisfaction level of each objective through the change of compensation coefficient in order to optimize and coordinate. Finally, the simulation results have testified that the model proposed in this paper is efficient and effective. Hence, we may conclude that this model is exclusively fitted for dealing with multiobjective decision-making optimization under fuzzy uncertain environment and centralized decision-making mode. The potential extensions of this research may consider stochastic demand and imperfect supply chain systems in the proposed model. Other decision-making methods like group decision, multilevel decision, and so on may be included in this model in the future.
Parameter Definitions
, : Weaving enterprise set, weaving enterprise identification , : Dyeing and finishing enterprise set, dyeing and finishing enterprise identification , : Clothing machining enterprises set, clothing machining enterprises identification 
